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REGION-GROWING MOTION TRACKING
METHOD BASED ON BAYESIAN
INFERENCE AND POLYNOMIAL FITTING

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to a region-growing motion
tracking method based on Bayesian inference and polyno-
mial fitting, where the displacement estimation 1s to 1ncor-
porate Bayesian inference and local polynomial fitting 1nto
the region-growing framework, which belongs to the field of
ultrasound elastography.

Description of Prior Art

Quasi-static ultrasound elastography (UE) 1s a non-inva-
s1ve 1n vivo method for evaluating the mechanical properties
of biological tissues. The mechanical properties of tissues
are usually closely related to their pathological evolution. Its
broad clinical application prospects promote major ultra-
sound vendors (General Electric, Siemens and Philips) to
release 1ts software packages around the world.

In ultrasound elastography applications, motion tracking,
1s a crucial step. Ultrasonic strain elastography (USE) for
large deformation imposes a umque challenge to motion
tracking. In the USE framework, a pair of ultrasound signals
1s acquired firstly, and then the displacement between these
two signals 1s estimated. The spatial axial strain (in the
acoustic beam direction) 1s estimated and displayed as a
gray-scale 1image, where dark regions correspond to hard
tissues and bright regions to soit tissues. In the process of
ultrasonic motion tracking, the speed and accuracy of dis-
placement estimation are very important. The commonly
used motion tracking algorithms can be roughly divided into
three categories: (a) correlation-based, (b) regularized, and
(¢) optical-flow-based methods. Recently 1t has been proved
that the deep learning neural network model can also be used
to reliably track tissue motion 1n vivo. For correlation-based
motion tracking method, the use of correlation alone cannot
overcome tracking error between signals (also known as
“peak-hopping” error), because ultrasound signals are
destroyed or greatly attenuated by noise during the acqui-
sition process. For the regularized motion tracking method,
signal correlation/coherence 1s combined with motion con-
tinuity to suppress the imncidence of “peak-hopping™ errors.
In addition, the guided search strategy can be adopted to
reduce the “peak-hopping” errors, and the guided search can
be performed by the previous displacement estimation of the
previous rows or adjacent columns. The guided search
strategy also poses the problem that “poor” guidance will
cause accumulate displacement estimation errors.

In order to solve this problem, Chen et al. proposed a
region-growing strategy which was borrowed from image
segmentation. The basic idea of the algorithm 1s to start
motion tracking from the “seed” and transmit the next
highest quality position 1n the queue during the motion
tracking process as the algorithm progresses until obtaining,
the displacement of the entire target region. The problem of
“region-growing~ 1s that i1f the mmtial seed point 1s not
selected properly, the displacement results obtained by the
strategy may be aflected.

SUMMARY OF THE INVENTION

The present invention mainly overcomes the deficiencies
in the prior art, and proposes a region-growing motion
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2

tracking method based on Bayesian inference and polyno-
mial fitting that improves the accuracy and precision of
displacement calculation.

The technical solution provided by the present invention
to solve the above technical problem is: a region-growing
motion tracking method based on Bayesian inference and
polynomial fitting, comprising the following steps:

Step 1: determining a seed point: selecting a region of
interest (ROI), and then selecting a candidate point set from
displacement estimation points in the ROI; calculating pos-
terior probability values of a candidate point 1n the candidate
point set and four neighborhood points, a sum of maximum
posterior probability values (MPPS) of these five points, and
a maximum absolute displacement difference; judging
whether the candidate point in the ROI 1s a seed point
according to a set threshold, the MPPS and the maximum
absolute displacement diflerence;

Step 2: performing guided search, displacement estima-
tion: determining an initial known-displacement point set,
an interior point (IP) set and a boundary point (BP) set after
the selection of the seed point, selecting a point with the
maximum posterior probability value as an active growing
point within the determined BP set, then conducting guided
search according to a displacement of the active growing
point, and determining a neighborhood and a search range
for displacement estimation according to a location and the
displacement of the active growing point;

Step 3: conducting local polynomuial fitting: when the
displacement difference between the displacement estima-
tion point and its neighborhood point 1s higher than the
previously set threshold, the local polynomial fitting 1s
carried out with the displacement estimation point as a
center, and the local polynomial fitting 1s carried out using
the IP point around the displacement estimation point, and a
fitting value 1s taken as a new displacement estimation
value;

Step 4: updating a status of the point to be estimated:
adding a new boundary point to the known-displacement
point set after displacement estimation and fitting estima-
tion; converting initial unknown-displacement points into
known-displacement points 1n the neighborhood point set of
the active growing points, and update the BP set of the
known-displacement point set to generate a new BP set;
converting the active growing points from members of the
BP set to members of the IP set after estimation, and
repeating the above steps until all members of the unknown-
displacement point set are converted to the members of
known-displacement point set;

Step 5: calculating strain elastogram: obtaining an ultra-
sonic strain elastic 1mage through a differential calculation
of displacement field of ultrasonic elastic motion.[0011] A
further technical solution 1s that the calculation of the
posterior probability value 1s as follows:

A. Calculate the prior probability based on the block
matching cross-correlation information;

B. Calculate the likelihood function;

C. Calculate the posterior probability according to the
prior probability and likelihood function;

Pr(Un, | UPr(Uy)
PriUy,)

(1)

PriUy | Un,) =

PriUy, 1 UD= | | PriU 1 U 2)

X eNy
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-continued

— | Vo = Uell? ] (3)

Pr(U | U,) o« max Pr(V., )exp
20,2

V;:" i

Where, x represents a position of the current matching
block, U, presents a displacement of the current matching,
block at the position x, and Pr(U,) 1s a prior probability
value of U, _, X' represents positions of four neighboring
matching blocks adjacent to the current matching block, U_,
represents a displacement of one of the four neighboring
matching blocks, {Ux"X'EN,}; V_, represents a candidate
displacement of one of the four neighboring matching
blocks, and Pr(V_)) 1s a prior probability value of V_; U,
represents the displacements of the four neighboring match-
ing blocks, and Pr(U,, ) represents a prior probability value
of U, ; Pr(U,,/U,) 1s the likelihood function; Pr(U,.I1U,.) 1s
the probability value that when the displacement of the
current matching block at xposition 1s U, and the displace-
ment of the neighboring matching block at x'position 1s U ,.;
IV .—U[ is a distance between these two points x and x',
where a value of o, 1s taken as empirical value.[0019] D.
Calculate the sum of the maximum posterior probability
value (MPPS) according to the following formula;

Mpps=3zm=1 _ 3=l maxPr(u+myv+n) m=0 or

#1=0 (4)

Where, u and v are the positions of the candidate points,
Pr 1s the posterior probability value of the point, and the
formula execution condition (M=0 or n=0) restricts the
accumulation process to be the central candidate point and
its four neighborhoods.

A further technical solution 1s that the block matching
cross-correlation information of candidate point 1s obtained
by a similarity measurement method.

A turther techmical solution 1s that the calculation of
likelihood function 1s expressed by the probability density of
the neighborhood value.

A further technical solution is that the calculation of the
prior probability 1s as follows: the similarity measurement
image 1s converted to probability density image; the region
corresponding to the maximum value of the cross-correla-
tion matching 1s the region with the greatest similarity; the
probability value should be greater than or equal to zero, so
all the values of similarity measurement should be positive;
the values of the similarity measurement are normalized.

A Tfurther technical solution 1s that the basis for the seed
point judgment 1n Step 1 1s whether the sum of the maximum
posterior probability of the candidate point and the neigh-
boring point 1s greater than the set threshold and whether the
maximum absolute displacement difference 1s less than the
set threshold.

A further technical solution 1s that the specific process of
determining the mitial known-displacement point set, IP set
and BP set in Step 2 1s as follows: all initial seeds are placed
in a known-displacement point set, and the rest ROIs are
named unknown-displacement point set; in the known-
displacement point set, the points 1n the IP set are all points
whose neighborhoods are 1n the known-displacement point
set, and the rest known-displacement points are the bound-
ary points.

A further technical solution 1s that the step of local
polynomuial {fitting 1n Step 3 1s as follows: the displacement
of the pomnt to be estimated 1s fitted according to the
displacement of the known-displacement IP set around the
point to be estimated, and then the fitted value 1s worked out;
when the error of the fitted value 1s less than the error of the
estimated value, the fitted value will displace the estimated
displacement value of the neighborhood.

A further technical solution 1s that the local polynomial
fitting formula 1n Step 3 15 as follows:
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()

flx, v)=ag +r:11x2 +r:12y2 + as Xy + asx + ds v,

(6)
R =" [glx, )= (ao + a1 x* + a2 y* + asxy + asx + as ).

1M

Where, (X, y) are coordinates of one displacement point;
N represents a total number of displacement points used for
calculating the local polynomial fitting formula; a,, a,, a,,
a,, a,, a. are coellicients of the local polynomial fitting
formula to be solved; 1 represent a serial number; g(x,y) 1s
a known displacement, and R* is a sum of squared errors;
wherein N estimated neighboring displacement points are
selected, assuming that a distribution of these N estimated
neighboring displacement points satisfies the formula (35); a
least square method 1s adopted to solve the coeflicients a,,
a,, a,, a5, a,, a-, and then the formula (6) 1s obtained.

The present invention has the following beneficial effects:

(1) Compared with the traditional algorithm, the method
of the present invention 1s higher in accuracy, smaller 1n
tracking error of axial displacement and strain elastogram,
and higher 1n clinical application value;

(2) Compared with the traditional algorithm, the method
of the invention 1s better in the capability to overcome signal
decorrelation and higher in calculation accuracy;

(3) The results of 1n vivo ultrasound data show that the
modulus 1mage reconstructed by the displacement obtained

by the region-growing motion tracking method of the pres-
ent 1nvention 1s better visualized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart of the present invention;

FIG. 2 1s a schematic diagram of region-growing;

FIG. 3 1s an axial displacement diagram of the traditional
region-growing motion tracking algorithm based on com-
puter simulation data;

FIG. 4 1s an axial strain elastogram of the traditional
region-growing motion tracking algorithm based on com-
puter simulation data;

FIG. 5 1s an axial displacement diagram of the method of
the present invention based on computer simulation data;

FIG. 6 1s an axial strain elastogram of the method of the
present invention based on computer simulation data;

FIG. 7 1s an axial displacement diagram of the traditional
region-growing motion tracking algorithm based on 1 vivo
ultrasound data;

FIG. 8 1s an axial strain elastogram of the traditional
region-growing motion tracking algorithm based on 1 vivo
ultrasound data;

FIG. 9 15 an axial displacement diagram of the method of
the present invention based on 1n vivo ultrasound data;

FIG. 10 15 an axial strain elastogram of the method of the
present invention based on in vivo ultrasound data.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The present invention will be further described with the
following embodiments and figures;

As shown 1n FIG. 1, the region-growing motion tracking
method based on Bayesian inference and polynomial fitting
of the present invention comprises the following steps:

Step 10: Determine the seed point:

Step 11: Select a region of interest (ROI) and determine
the axial and lateral size of the displacement estimation
region; the ROI usually contains a variety of tissues with
different elastic modull.

Step 12: Determine candidate points, and select a candi-
date point set from the estimated displacement points of the
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ROI; the selection method 1s usually a linear grid of a certain
proportion, and the grid can be divided into different pro-
portions based on the data.

Step 13: Calculate the posterior probability value, spe-
cifically calculate the maximum posterior probability value
of all the points 1n the candidate point set and calculate the
sum of maximum posterior probability values (MPPS) of
five points.

Bayesian inference 1s used to calculate the posterior
probability value; the posterior probability calculation 1s
based on the block matching i1dea of cross-correlation
method and the cross-correlation information of adjacent
positions around the point to be estimated, that 1s, calculate
the prior probability according to the cross-correlation infor-
mation of block matching; calculate the likelihood function
(expressed by the probability density of the neighborhood
value); calculate the posterior probability value according to
the prior probability and the likelihood function.

The calculation of the prior probability value 1s based on
the probability density image converted from the similarity
measurement 1image; the region corresponding to the maxi-
mum value of the cross-correlation matching 1s the region
with the greatest similarity; the probability value should be
greater than or equal to zero, so all the values of similarity
measurement are positive; the values of the similarity mea-
surement are normalized to obtain.

The posterior probability 1s calculated as follows:

(1)

PriUn, | Ux)Pr(Uy)

PriU; | Un,) = PrUn)
Nx

In the formula, Pr(U ) 1s the prior probability, U_ 1s the
dlsplacement of the matching block at Xy position, Pr(U N

U.) is the likelihood function, where U,, is the displacement
of the adjacent matching block (1n the two-dimensional
ultrasonic motion displacement estimation, the adjacent
matching block 1s selected as the four neighborhoods (two

vertical directions and two horizontal directions) of the
currently estimated block); Uy, is {Ux""X'EN

PriUn U= | | PrU | U 2)
X' eNy
_ o ” VJ:" - Ux ”2 _ (3)
Pr(U. | U,) oc max | Pr(V,,)exp _
6% 20,2

In the formula: x represents a position of the current
matching block, U, presents a displacement of the current
matching block at the position x, and Pr(U,) 1s a prior
probability value of U _,; X' represents positions of four
neighboring matching blocks adjacent to the current match-
ing block, U, ., represents a displacement of one of the four
neighboring matching blocks, {Ux"X'EN,}; V_, represents
a candidate displacement of one of the four neighboring
matching blocks, and Pr(V_.) 1s a prior probability value of
V_.; U,. represents the displacements of the four nelghbor-
ng matchmg blocks, and Pr(U,; ) represents a prior prob-
ability value ot Uy,.; Pr(U, /U,) 1s the likelihood tunction;
Pr(U,.l1U,) 1s the probablhty value that when the dlsplace-
ment of the current matching block at xposition 1s U,-and the
displacement of the neighboring matching block at x"posi-
tion is U, |[V ~U,||* is a distance between these two points
x and X', where a value of 0, 1s taken as empirical value. The

result of formula (2) can be obtained by the calculation of
Formula (3).

MPPS=>""
n=0

L2t maxPr(u+m,v+n) m=0 or

(4)
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In the formula, u and v are the positions of the candidate
points, and Pr 1s the posterior probability value of the point.
The formula execution condition (IM=0 or n=0) restricts the
accumulation process to be the central candidate point and
its four neighborhoods.

Step S14: Determine the seed point. The basis for the seed
point judgment 1s whether the sum of the maximum poste-
rior probability of the candidate point and the neighboring
point 1s greater than the set threshold and whether the
maximum absolute displacement difference 1s less than the
set threshold.

Step S20: Perform guided search and displacement esti-
mation:

Step S21: Determine an 1nitial known-displacement point
set, an mterior point (IP) set and a boundary point (BP) set
alter the selection of seed point.

The black circle in FIG. 2 represents the interior point (IP)
set, and the black square represents the boundary (BP) point
set. The IP set and the BP set are combined to form a
known-displacement point set. The red diamond-shaped

AGP represents the active growing point of the selected
region, and the black circle represents the neighborhood
point of the AGP.

Step S22: Determine the active growing point; specifi-
cally select the point with the largest posterior probability
value as the active growing point in the boundary point set
in the determined known-displacement point set.

Step S23: Conduct guided search according to the dis-

placement of the active growing point; perform the displace-
ment estimation of region-growing near the active growing
point, that 1s, in the four neighborhoods of the active
growing point. In FIG. 2, the hollow circle represents the
neighborhood points of the active growing point.

The determination and update of the displacement value
corresponding to the neighborhood point in the region-
growing Bayesian algorithm based on joint local polynomaial
fitting can be divided into the following three cases:

Case 1: If the neighborhood point of the current active
growing point 1s an interior point, no estimation will be
made, because the displacement of the interior point set
determined by the Bayesian parameter 1s reliable; therefore,
the displacement value of the interior point will not change
with the progress of the guided search algorithm. The upper
neighborhood of the active growing point marked in FIG. 1
represents the situation where the neighborhood point 1s an
interior point.

Case 2: If the neighborhood point of the current active
growing point 1s a boundary point, 1ts displacement value 1s
estimated 1n the previous step, but the displacement of the
pomnt in the boundary point set should be re-estimated
according the search range determined by the current active
growing point. The update of the boundary point displace-
ment values will be divided into the following two cases. IT
the maximum posterior probability value estimated accord-
ing to the range determined by the current active growing
point 1s greater than the previously determined maximum
posterior probability value of the neighborhood point, the
absolute diflerence 1s judged between the displacement
value obtained by matching the current neighborhood points
and the displacement value of the active growing point. If
the absolute displacement difference 1s less than the set
threshold, replace the displacement value of the neighbor-
hood point with the newly obtained dlsplacement value. If
the absolute displacement difference 1s greater than the set
threshold, perform the local polynomial fitting 1n Step 3 and
adjust the displacement result according to the fitted value of
the displacement. If the maximum posterior probability

value of the boundary point obtained by the current active
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growing point estimation 1s less than the previously deter- value, the fitted value will displace the estimated displace-
mined maximum posterior probability value of the neigh- ment value of the neighborhood. |
borhood point, the displacement value of the current bound- The local polynomial fitting formula 1s as follows:

ary point will not change.

Case 3: If the neighborhood point of the current active >
growing point 1s an unknown-displacement point, 1ts dis-
placement value has not been estimated. The displacement N
of the unknown-displacement point will be estimated R? = Z [g(x, V) — (g + @1 %% + @z V2 + asxy + asx + as y)]°.

according to the range guided by the active growing point. i

flx, v) = ag + ay x° +azy2+a3xy+ﬂ4x+ as v, (3)

(6)

As with the boundary point, the displacement value 1s 10
updated by judging the absolute diflerence between the In the formula, (X, y) are coordinates of one displacement
estimated displacement value of the neighborhood point and point; N represents a total number of displacement points
the displacement value of the active growing point; it the used for calculating the local polynomuial fitting formula; a,,
absolute displacement diflerence 1s less than the set thresh- .. a,, a,, a;, a,, a5 are coeflicients of the local polynomial
old, the displacement value of the neighborhood point will fitting formula to be solved; 1 represent a serial number;
be replaced by the newly obtained displacement value; 1f g(x.y) is a known displacement, and R” is a sum of squared
greater than the set threshold, perform the step of local errors, wherein N estimated neighboring displacement
polynomial fitting mentioned in Step 3. points are selected, assuming that a distribution of these N
Step S30: Conduct local polynomial fitting: ,o estimated neighboring displacement points satisfies the for-
Step S31: The step of local polynomial fitting 1s to obtain mula (5); a least square method is adopted to solve the
the fitted value by fitting the displacement of the point to be coefficients a,, a,, a,, a,, a,, a., and then the formula (6) is
estimated according to the displacement of the known- obtained. To solve the coeflicient ai (0=<i<5) in f(x,y), it is
displacement interior point set around the estimated point necessary to minimize the sum of squared errors. The
(within a range ot 2 pixel points at the upper, lower, right and . calculation method is to take the partial derivative of the sum
right with the point to be estimated as the center); when the of squared errors and make the partial derivative equal to
error of the fitted value 1s less than the error of the estimated zero; convert the equation to a matrix, as follows:

(7)
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The matrix form 1 Formula (7) can be abbreviated as
AX=B, A 1s a matrix with a size of 6x6, and the specific
value 1s the leftmost value of the above equation. X 1s the
column matrix a, formed by the unknown coetlicients to be
solved, where 0=1=<5 and the matrix size 1s 6x1. B 1s a
column matrix with a size of 6x1, and 1ts specific value 1s the
rightmost value of the above equation. The problem of
solving the coetlicient a, (0O=1=5) 1n the local polynomial
fitting formula 1(x,y) 1s transformed into the problem of
solving the matrix equation, that 1s, solving AX=B.

The unknown parameters of the fitting equation can be
obtained according to the matrix formula. The condition for
local fitting in the algorithm 1s determined by the displace-
ment difference, and local polynomial fitting 1s performed
when the calculated displacement difference (the difference
between the estimated displacement of the neighborhood
point and the displacement of the active growing point) 1s
greater than the set threshold. The step of local polynomial
fitting 1s to obtain the fitted value by fitting the displacement
of the point to be estimated according to the displacement of
the known-displacement interior point set around the esti-
mated point (within a range of 2 pixel points at the upper,
lower, right and right with the point to be estimated as the
center). According to the fitting formula, 1t can be found that
the required parameter a0 1s the displacement value of the
point to be estimated. When the error of the fitted value 1s
less than the error of the estimated value, the fitted value will
replace the estimated displacement value of the neighbor-
hood.

Step S32: Add new boundary point to the known-dis-
placement point set after displacement estimation, convert
the mitial points with unknown displacement into points
with known displacement 1n the neighborhood point set of
active growing points, and update the BP set of the known-
displacement point set to generate a new BP set; convert the
active growing points from members of BP set to members
of IP set, because the displacement values of all 1ts neigh-
borhoods (4 neighborhoods) have been estimated.

Step S33: Execute the algorithm until all members of the
unknown-displacement point set are converted to the mem-
bers of known-displacement point set.

Step S40, Update a status of the point to be estimated:

Step S41: Adding a new boundary point to the known-
displacement point set after displacement estimation and
fitting estimation.

Step S42: Converting 1nitial unknown-displacement
points mto known-displacement points 1n the neighborhood
point set of the active growing points, and updating the BP
set of the known-displacement point set to generate a new
BP set.

Step S43: Converting the active growing points from
members of the BP set to members of the IP set after
estimation, and repeating the above steps until all members
of the unknown-displacement point set are converted to the
members of known-displacement point set.

Step S50, strain elastogram calculation: the ultrasonic
strain elastic 1image can be obtained by performing ditfer-
ential calculation on the ultrasonic elastic motion displace-
ment field estimated by the two-dimensional joint local
polynomial fitting region growth Bayesian algorithm.

The algorithm of the present invention and the traditional
algorithm perform experiments on digital phantom data and
in vivo ultrasound data with different compression ratios to
calculate the contrast-to-noise ratio (CNR) value and modu-
lus 1inversion. In the digital phantom experiment, compres-
sion from 1% to 5% and constant transverse shear (2%)
deformation are applied to the £2 shaped digital phantom
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model. The experimental results show that the displacement
image obtained by the algorithm of the invention 1is
smoother than that obtained by the traditional algorithm,
some noise points in the displacement 1image are removed,
and the displacement calculation accuracy i1s improved.

The algorithm of the present invention 1s better 1n the
capability to overcome signal decorrelation, and the strain
clastogram generated by the displacement values calculated
by the algorithm of the present invention 1s higher in the
CNR value than that of strain elastogram obtained by the
traditional algorithm, indicating that the algorithm of the
present invention improves the accuracy of displacement
estimation. In the 1 vivo ultrasound data experiment, there
1s fewer error 1n the axial displacement estimated by the
algorithm of the present invention. The displacement dia-
gram 1s smoother.

Compared with the axial strain elastogram obtained with
the traditional algorithm, there 1s less visible “noise” in the
axial strain elastogram obtained with the algorithm of the
present invention. The CNR value of the strain elastogram 1s
higher. Moreover, taking the displacement estimated by
Bayesian inference as the mput of the modulus inversion
algorithm, we found that the small difference 1n the esti-
mated displacement can be amplified during the modulus
reconstruction. If the displacement estimated by Bayesian
inference algorithm i1s used for modulus inversion, the
reconstructed modulus distribution diagram will be better
visualized. The experimental results of digital phantoms and
in-vivo ultrasound data sets show that the introduction of
Bayesian inference 1s effective in improving the quality of
motion tracking.

FIGS. 3 to 10 are schematic diagrams ol comparison
between the method of the present mvention and the tradi-
tional method. Observe the results 1n the axial displacement
diagram and axial strain elastogram based on computer
simulation data and 1n vivo data.

FIGS. 5 and 6 are smoother than FIGS. 3 and 4. The
algorithm of the present invention improves the accuracy of
displacement estimation and the displacement tracking error
1s smaller than that of the conventional algorithm. Similarly,
observe the results in the axial displacement diagram and the
strain elastogram obtained in the experiment based on 1n
vivo ultrasound data; the results obtained by the algorithm of
the present mnvention are better.

Therefore, whether based on computer simulation data or
in vivo ultrasound data, the algorithm of the present inven-
tion 1s ellective for displacement estimation.

The above are not intended to limit the present invention
in any form. Although the present invention has been
disclosed as above with embodiments, it 1s not intended to
limit the present invention. Those skilled 1n the art, within
the scope of the technical solution of the present invention,
can use the disclosed techmical content to make a few
changes or modify the equivalent embodiment with equiva-
lent changes. Within the scope of the technical solution of
the present 1invention, any simple modification, equivalent
change and modification made to the above embodiments
according to the technical essence of the present invention
are still regarded as a part of the technical solution of the
present 1nvention.

What 1s claimed 1s:

1. A region-growing motion tracking method based on
Bayesian inference and polynomial fitting, comprising the
following steps:

Step 1: determining a seed point: selecting a region of

interest (ROI), and then selecting a candidate point set
from displacement estimation points in the ROI;
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calculating posterior probability values of a candidate
point 1n the candidate point set and four neighborhood
points, a sum of maximum posterior probability values
(MPPS) of these five points, and a maximum absolute
displacement difierence; judging whether the candidate
pomnt 1 the ROI 1s a seed point according to a set
threshold, the MPPS and the maximum absolute dis-
placement difference;

Step 2: performing guided search, displacement estima-
tion: determining an 1nitial known-displacement point
set, an 1nterior point (IP) set and a boundary point (BP)
set after the selection of the seed point, selecting a point
with the maximum posterior probability value as an
active growing point within the determined BP set, then
conducting guided search according to a displacement
of the active growing point, and determining a neigh-
borhood and a search range for displacement estimation
according to a location and the displacement of the
active growing point;

Step 3: conducting local polynomial fitting: when the
displacement diflerence between the displacement esti-
mation point and its neighborhood point 1s higher than
the previously set threshold, the local polynomial fit-
ting 1s carried out with the displacement estimation
point as a center, and the local polynomial fitting 1s
carried out using the IP point around the displacement
estimation point, and a fitting value 1s taken as a new
displacement estimation value;

Step 4: calculating strain elastogram: obtaining an ultra-
sonic strain elastic image through a differential calcu-
lation of displacement field of ultrasonic elastic motion.

2. The region-growing motion tracking method based on

Bayesian inference and polynomial {fitting according to
claim 1, wherein the calculation of the posterior probability
values 1s as follows:

A. calculating the prior probability values based on a
block matching cross-correlation information;

B. calculating a likelihood function;

C. calculating the posterior probability values according
to the prior probability values and the likelihood func-

tion;

Pr(Un, | Ux)Pr(Uy) (1)

Pr(Uy | Uy,) = —— -
x Pr(Uy.)

PriUn, 1 U= | | PriUy | U (2)

¥ Ny

_ o ” Vx" - Ux ”2 _ (3)

PriU,, | Uy) oc max | Pr(V,s )exp ;

< | 20,2

where, X represents a position of the current matching
block, U_presents a displacement of the current match-
ing block at the position x, and Pr(U_) 1s a prior
probability value of U_,; X' represents positions of four
neighboring matching blocks adjacent to the current
matching block, U_. represents a displacement of one of
the four neighboring matching blocks, {Ux"X'EN,.}:
V ., represents a candidate displacement of one of the
four neighboring matching blocks, and Pr(V ) 1s a prior
probability value of V_, U,, represents the displace-
ments of the four neighboring matching blocks, and
Pr(U.. ) represents a prior probability value of U,
Pr(U.,/U.) 1s the likelihood function; Pr(U,.lU) 1s the
probal;ility value that when the displacement of the
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current matching block at xposition 1s U_ and the
displacement of the neighboring matching block at
x"position is U |[V.—U | is a distance between these
two points X and X', where a value of o, taken as
empirical value;

D. calculating the sum of the maximum posterior prob-
ability values (MPPS) according to the following for-
mula;

mpps=zm=t _ 3l maxPr(u+m,v+n) m=0 or

=0 (4)

where, u and v are the positions of the candidate points,
Pr 1s the posterior probability value of the point, and a
formula execution condition (M=0 or n=0) restricts the
accumulation process to be a central candidate point
and 1its Tour neighborhood points.

3. The region-growing motion tracking method based on
Bayesian inference and polynomuial fitting according to
claim 2, wherein the block matching cross-correlation infor-
mation ol candidate point 1s obtained by a similarity mea-
surement method.

4. The region-growing motion tracking method based on
Bayesian inference and polynomial fitting according to
claim 2, wherein the calculation of likelihood function i1s
expressed by a probability density of the neighborhood
points.

5. The region-growing motion tracking method based on
Bayesian inference and polynomial {fitting according to
claim 2, wherein the calculation of the prior probability 1s as
follows: a similarity measurement image 1s converted to a
probability density image; a region corresponding to a
maximum value of the cross-correlation matching 1s a
greatest similarity region; the probability value 1s greater
than or equal to zero, so all values of similarity measurement
are positive; the values of the similarity measurement are
normalized.

6. The region-growing motion tracking method based on
Bayesian inference and polynomial fitting according to
claim 1, wherein the seed point judgment step 1n Step 1 1s:
judging whether the sum of the maximum posterior prob-
ability of the candidate point and the four neighboring points
1s greater than the set threshold and whether the maximum
absolute displacement diflerence 1s less than the set thresh-
old.

7. The region-growing motion tracking method based on
Bayesian inference and polynomuial fitting according to
claim 1, wherein the step of determiming the 1nitial known-
displacement point set, IP set and BP set in Step 2 1s as
follows: all 1initial seeds are placed 1n a known-displacement
point set, and the rest ROIs are the unknown-displacement
point set; 1 the known-displacement point set, the points in
the IP set are all points whose neighborhoods are in the
known-displacement point set, and the rest known-displace-
ment points are the boundary points.

8. The region-growing motion tracking method based on
Bayesian inference and polynomial fitting according to
claim 1, wherein the step of local polynomial fitting in Step
3 1s as follows: the displacement of the point to be estimated
1s fitted according to the displacement of the known-dis-
placement IP set around the point to be estimated, and then
the fitted value 1s worked out; when an error of the fitted
value 1s less than the error of the estimated value, the fitted
value will displace the estimated displacement value of the
neighborhood point.
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9. The region-growing motion tracking method based on
Bayesian inference and polynomial fitting according to
claim 8, wherein the local polynomial fitting formula 1n Step
3 1s as follows:

flx, v)=aq + alxz + agyz + asxy + a4 x + as y; (5)

, ()
’ 10

R*= > [glx, y)—(ag +aix” + ayy” + azxy + asx + asy)]

1)

where, (X, v) are coordinates of one displacement point; N
represents a total number of displacement points used
for calculating the local polynomial fitting formula; a,, 15
a,, a,, a,, a,, as are coellicients of the local polynomial
fitting formula to be solved; 1 represent a serial number;
g(x,y) is a known displacement, and R* is a sum of
squared errors;

wherein N estimated neighboring displacement points are 20
selected, assuming that a distribution of these N esti-
mated neighboring displacement points satisfies the
formula (5);

a least square method 1s adopted to solve the coeflicients
g, A1, A,, A5, A4, A5, and then the formula (6) 1s obtained. 25
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